Laceration of the lung was found in 4-4% of cases of chest injury caused by blunt trauma admitted to two thoracic centres. Criteria for accurate diagnosis are presented. It is suggested that thoracotomy should be considered and carried out as soon as possible when the diagnosis is made. It was found that cases treated with early thoracotomy did not require any pulmonary resection. In others, lack of prompt diagnosis and a conservative approach led eventually to loss of lung parenchyma.
In civilian life chest injuries are responsible for a high mortality and morbidity in victims of road traffic accidents. A good deal has been written about those injuries which result in an unstable chest with paradoxical chest movement and consequent respiratory difficulties and a higher fatal outcome (Barrett, 1960; Windsor and Dwyer, 1961 ; Sellors, 1961) .
More trivial injuries in the form of isolated rib fractures with minor visceral damage are also well documented and easy to diagnose and manage (Brown and Boyd, 1952; Glennie, 1965; Bassett, Gibson, and Wilson, 1968) .
Laceration of the lung, on the other hand, has received little attention. This type of injury is not common. Nevertheless it is our belief that it should be diagnosed early and treated by thoracotomy. By so doing, little or no lung tissue need be sacrificed, whereas late diagnosis and a conservative approach lead eventually to surgery with a more substantial loss of pulmonary parenchyma.
In this paper we discuss the diagnosis and management of laceration of the lung caused by blunt trauma to the chest.
SUBJECTS
A total of 182 patients with a variety of chest injuries caused by blunt trauma in two chest surgery centres2 in England were studied. These patients were obviously those who required admission to such centres, i.e., their injuries were in some way complicated. A rational, though empirical, classification was adopted for working out these cases (Table I) .
Eight patients (4-4%) suffered laceration of the lung, proved by thoracotomy or postmortem Shock was present in four patients suffering from additional injuries with a considerable loss of blood or body fluid. Cyanosis was not a constant finding and was recorded only in those with multiple injuries. In two patients (1 and 3) cyanosis developed later. This is interesting because these two were treated conservatively at first. Expanding intrapulmonary haematoma and an increasing degree of pulmonary collapse were thought to be the cause of later hypoxaemia and the desaturation of blood.
Haemoptysis of various magnitude was present in every patient with lacerated lung. In four patients (4, 5, 6, and 7) bronchoscopy was performed early (within hours of accident), and blood 223 was seen seeping from a segmental or lobar bronchus corresponding to the site of injury. In three patients bronchoscopy was performed later and localization of the bleeding was less clear.
Haemoptysis is thus an important lead and a constant finding in these cases. Surgical subcutaneous emphysema was present in three patients. Ju'dging from our other cases of chest injury it appears that the presence of surgical emphysema does not always indicate serious pulmonary damage, and its absence does not rule out lacerated lung. Paradoxical breathing has been constantly absent in all our cases. Table I shows that in our series of 182 cases of chest injury, 26 patients presented with an unstable chest caused by multiple fractures of the ribs or sternum. In none of these was pulmonary laceration recorded. It therefore appears that if at the moment of impact the integrity of the cage is disrupted the major stress is removed: the intrapulmonary tension is not then sufficient to cause laceration. On the other hand, when the chest remains stable following an impact of great force, the major stress is transmitted to the interior. This will increase the intrathoracic pressure which in turn causes the bronchi to burst or the lung to tear, particularly if the glottic 'safety valve' is closed. It is interesting to note that in only one case (case 1) in this series could the tears in the lung have been attributed to a fractured rib penetrating into the lung. In all the others there was clear evidence that the lung had literally burst, and the lacerations were not necessarily near fractured ribs.
RADIOLOGICAL FINDINGS All cases sustained rib fractures, usually in one place-the posterior end.
The number of ribs fractured did not exceed five.
Haemothorax of variable size was present in every case. Pneumothorax was also present in all.
The most characteristic radiological features (Figs 1, 2, and 3) were: 1. a shallow pneumothorax. There was only a 3 0-5 0 cm space between the apices of the thorax and the lung in all patients (except cases 4 and 8, who had, in addition to the laceration, either avulsion of a lobe or a ruptured bronchus); 2. haemothorax of varying size but never more than 500-700 ml; 3. a fairly well defined opacity in the lung substance with upward convexity. The lower part of this opacity merged indistinctly with the basal haemothorax, even when the lower lobe was unaffected (Fig. 2) .
These radiological findings are, in our experience, diagnostic and can in most cases be differentiated from other injuries such as vascular injuries with a large haemothorax, pulmonary contusion with its patchy infiltration, or ruptured trachea and bronchus, already well documented in the literature (DeMuth and Smith, 1965; Stevens and Templeton, 1965; Chesterman and Satsangi, 1966; Larizadeh, 1966) . In our cases, after insertion of an intercostal tube and drainage of haemopneumothorax there was little change in the radiological appearances of the pulmonary opacity, whereas in a simple haemothorax following intercostal drainage the chest radiograph usually shows considerable change and clearing.
INDICATIONS FOR SURGERY Seven patients had a thoracotomy. Four patients (4, 5, 6, and 7- Table   Ill) were operated on within hours of admission.
In these, early thoracotomy was performed because of persistent haemoptyses or air leak and the correct diagnosis of laceration of the lung was confirmed; no resection was necessary and debridement, haemostasis, and repair only was carried out. In three other cases (1, 2, and 3- rhage. The alveoli are distended with blood with resultant compression of the minor bronchi which are collapsed.'
Case 3 There was a laceration of the upper lobe; this was leading to a cavity full of blood and surrounded by a friable mass of shattered parenchyma. A left upper lobectomy was performed. The specimen removed showed a ragged tear in the lung extending towards the hilum and to a cavity 12 x 4 x 2 cm. Histological examination showed a traumatic rupture of a large branch of the pulmonary artery with extensive interstitial haemorrhage.
MANAGEMENT AND DISCUSSION
First aid and emergency measures in these cases are the same as for any major injury. Attention must be paid to relieving airway obstruction, treating shock, and alleviating pain by appropriate measures. Patients are then best examined and assessed according to the symptoms and signs already discussed.
In our experience it is unlikely that patients with lung laceration will have an unstable chestthis may be taken as a lead.
Patients with an unstable chest often require artificial respiratory help; so do some with extensive multiple associated injuries. Other chest injuries, including those with lung laceration, initially do not usually require any respiratory assistance. After a thorough clinical examination a chest radiograph is taken which will show the typical appearance in cases of laceration already pointed out. In this connexion it is important to recall that on admission the films are usually taken in the supine position, and pneumothorax may not easily be detected until some time has elapsed between the accident and the radiological examination. For the same reason the haemothorax may appear trivial on early films.
As soon as possible an intercostal drain is inserted into the appropriate side of the pleural cavity under local anaesthesia and the haemopneumothorax is drained. This improves the patient's condition temporarily. A second radiograph should then be taken to assess the appearance after pleural drainage. The presence of haemoptysis necessitates bronchoscopy-this should be carried out early, within hours of the accident. Early bronchoscopy has the advantage that it shows the site of the bleeding before changes in the bronchial mucosa have time to develop. Later bronchoscopy necessitates suction of the clot and altered blood before visualization of the bleeding site. In such cases the adjoining mucosa is swollen and inflamed and may contain considerable amounts of thick secretion and blood clot. Once the diagnosis of major lung laceration has been made failure of early improvement in the patient's condition with conservative measures, persistent air leak, haemoptysis, and lung collapse indicate early thoracotomy. On the evidence presented we believe that in the majority of cases an early thoracotomy obviates or reduces to a minimum the need for lung resection. Bleeding into the surrounding segments and the pleura can be stopped and debridement can be satisfactorily carried out by early thoracotomy. The disadvantages of continuing a conservative approach are that a number of patients will require thoracotomy eventually because of continuous air leak, haemorrhage, and respiratory embarrassment, together with increasing radiological evidence of lung collapse. This delay leads to a more extensive resection and less possibility of reparative procedures. In three of our patients (1, 2 and 3- Table  III ) thoracotomy was performed after conservative treatment had failed. A major pulmonary resection then had to be carried out.
In four patients (4, 5, 6 and 7) the diagnosis of laceration was established within hours of admission. Each patient was treated by an early thoracotomy, in which debridement, haemostasis, and reparative surgery could be undertaken. Only one (case 4) required major pulmonary excision because, in addition to the right lower lobe laceration, there was complete avulsion of the right upper lobe. Right upper lobectomy was performed.
Table III also shows that the duration of hospitalization in our patients has been longer in those at first treated conservatively. These three patients (1, 2, and 3) were in hospital for a total of 79 days, average 26-3 days per patient, whereas the other four patients (4, 5, 6, and 7) were in for a total of 66 days, average 16 5 days per patient.
CONCLUSION
Our series of eight patients, although modest, shows that diagnosis can be made reasonably accurately at an early stage.
The most constant diagnostic features were a history of severe chest trauma causing fractured ribs, but no flail chest; haemoptysis was always present; shock and cyanosis and respiratory difficulties were mostly present in those with associated injuries. Chest radiographs characteristically showed haemopneumothorax and a large oval opacity in the lung substance. Bronchoscopy indicated the anatomical site of the bleeding.
It 
